The mean age of the 13 children at the time of the initial illness was 9 months (range 7 weeks to 3 years 9 months); however 4 were over 12 months. Five of the children had first-degree relatives with asthma.
The pattern of acute viral bronchiolitis with coughing, tachypnoea, hyperinflation, and widespread crepitations continuing for up to 2 weeks is familiar to all paediatricians. On occasions this clinical picture can persist for many months and is then due to more extensive viral lung damage.1 Most cases previously reported are due to adenoviral infections, particularly types 3, 7, and 21,'-rather than to respiratory syncytial virus, and in some, specimens at necropsy have shown an obliterative bronchiolitis.4 This condition is considered to be rare. During the last 4 years we have seen 13 children with the identical clinical features, but in whom the aetiology could often not be established. Although they probably represent a heterogeneous group, their presentation, results of lung function tests, and outcome indicate that from the practical point of view they can be considered as a single clinical entity. In this paper we wish to describe these children, providing information on the mode of presentation, findings on examination, and results of investigations including lung function tests and subsequent progress.
Mode of presentation
The mean age of the 13 children at the time of the initial illness was 9 months (range 7 weeks to 3 years 9 months); however 4 were over 12 months. Five of the children had first-degree relatives with asthma. The illness was acute in onset in 11 children, although the average duration of symptoms before hospital referral was 5 weeks. Six children had been unwell with respiratory symptoms for longer than a month at the time of first hospital referral.
The two most common symptoms were rapid breathing which interfered with feeding, and coughing day and night, often severe enough to produce repeated vomiting.
The illness started in the months of December to March in only 4, in October or November in a further 4, and in May and July in the remainder.
Clinical features
The most consistent findings when initially referred to hospital were hyperinflation of the chest with associated hepatomegaly, tachypnoea (respiratory rate >60/min), and widespread crepitations. Wheezing was recorded in only 4 children. Birthweight and admission weight centiles were available on 11 children. Ten children were failing to thrive with 6 having weights below the 3rd centile. The longer the duration of symptoms before admission the further the child was below his birthweight centile. The initial diagnoses considered were acute bronchiolitis (3), asthma (1), cystic fibrosis (4), bronchopneumonia (2), fibrosing alveolitis (2), and pneumocystisis (1)
Subsequent progress
Twelve of the 13 Static compliance measurements were performed on 7 children using a respiratory jacket which surrounded the chest and abdomen. The jacket was inflated to a pressure of 3.5 cm of water and connected to a pressure transducer. The jacket was calibrated by injecting and withdrawing known volumes of air with a 50 ml syringe, and measuring the shift in end tidal baseline. 2A2-way tape mounted on a soft-flanged face mask allowed us to connect the child to a pre-pressurised 100-litre tank for several breaths, thus providing varying amounts of continuous positive airways pressure. Relating the applied pressure to the induced changes in end tidal baseline as measured by the jacket allowed us to derive the pressure volume relationship of the total respiratory system and hence the static compliance in each child up to age 25 months. All 'the measurements were within the normal range (B Taylor, 1975 , unpublished data).
Outcome
Eight children still have troublesome symptoms between 2 months and 6 years after the onset of the illness. All have made progress although improvement has been slow. The first sign of improvement was reflected by remission of their failure to thrive, regaining the 3rd centile for weight by 3-24 months after the onset of the illness. Five have been followed up for longer than a year. All have had repeated hospital admissions for respiratory tract problems. The most striking finding on follow-up examination was the hyperinflation. Crepitations tended to disappear between 2 and 24 months after the original illness, but returned when the child had a superimposed respiratory tract infection. Finger clubbing developed in only one child who died in respiratory failure. The 3 children who have been followed up for less than one year all still have persistent crepitations and hyperinflation. Only one child has normal lung function and is asymptomatic. Of the remaining 4, one child aged 4i years has only an intermittent cough. The other 3 are asymptomatic 18 months, 4 years 2 months, and 5 years 7 months after the onset of the illness. One of the 3 remains hyperinflated 5 years 7 months after the initial illness while another has normal lung function at 18 months. This is the only child who now has an entirely normal chest x-ray film without hyperinflation and streaky shadows.
Of those who were treated with intermittent positive pressure ventilation one child, the most severely affected, died at home 19 months after the initial infection. He had a confirmed adenoviral bronchiolitis and had been entirely oxygen dependent, requiring between 50 and 100% oxygen in the last 3 months of his life. Only one of the remaining 3 children is symptom free.
Discussion
All 13 children were referred as diagnostic problems, either by general practitioners, or by paediatricians elsewhere. All had severe chronic lung disease with persistent coughing and often vomiting, respiratory distress, and failure to thrive. The clinical picture was that of acute bronchiolitis with tachypnoea, recession, hyperinflation, and widespread crepitations which persist for months. A variety of provisional diagnoses had been made, including fibrosing alveolitis, bronchopneumonia, and cystic fibrosis. Clinically they most closely resembled obliterative bronchiolitis, a condition in which there is widespread persisting damage to the small airways, usually resulting from a severe viral infection, or from an adenovirus. The clinical findings, hyperinflation on chest x-ray film, and results of lung function tests, leave us in no doubt that the major site of damage in this group of children is also in the small airways. This has been confirmed by the 2 lung biopsies and the single specimen at necropsy. However, we have evidence of adenoviral infection in only 2 of the group. We suspect that this clinical picture of chronic bronchiolitis represents the response of the lung to a number of different pathological processes, and so has to be considered as a heterogeneous group. Nevertheless, from the investigatory, management, and prognostic point of view, they could be considered together.
Investigation
The main aim in investigating these children is to establish that the site of damage is primarily in the small airways and that other clinical entities have been excluded. Chest x-ray films supported the clinical evidence of hyperinflation and showed a linear streaking rather than diffuse or hilar granular shadow, making it very likely that the site of damage is in the medium or small airways rather than in the lung parenchyma. Lung function tests confirmed this, providing evidence that the children were indeed grossly hyperinflated with airways obstruction and yet had normally compliant lungs.
The condition with which the clinical picture of these children most closely corresponds is cystic fibrosis, despite the absence of pancreatic involvement. For this reason, at least one sweat test is required. This has been entirely normal in all our children. Combined immunological deficiency state can also produce failure to thrive with chronic respiratory disease and must be excluded by examining the child for the presence of lymphatic tissues and measuring at least one differential white cell count and levels of serum immunoglobulins. Again, all measurements, except one that showed raised levels of IgM and IgG, were normal. Pharyngeal incoordination, oesophageal reflux, or an H-type tracheo-oesophageal fistula may also lead to hyperinflation and chronic respiratory symptoms. These conditions can be excluded by cine swallow and meal if there is any doubt about the diagnosis. Further support can be gained by examining tracheal aspirate for fat-laden macrophages. In our children, there was no evidence that aspiration was occurring.
Alpha-1-antitrypsin deficiency has not been reported as a cause of lung disease in this age group, but is worth excluding, as chronic bronchitis and emphysema can undoubtedly occur in late childhood and early adult life. The immotile cilia syndrome, although a cause of chronic respiratory disease, is not likely to be confused as it causes bronchiectasis and parenchymous lung disease rather than hyperinflation, but can be excluded by light and electron microscopical examination of respiratory tract epithelial cells obtained from nasal or tracheal biopsy.
An initial diagnosis of fibrosing alveolitis13 was made on 2 of our group. This condition, which presents with cough, tachypnoea, failure to thrive, and persistent fine crepitations can easily be confused with chronic bronchiolitis. The main distinguishing features are the presence of finger clubbing, chest x-rays films showing diffuse and later discrete13 shadows, and reduced lung compliance; none of which was present in these children.
In one child lung biopsy had been performed before transfer to Nottingham. The 
